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(ISAR-2): Brief overview
Available online 28 March 2012AbstractThe Arctic and the surrounding region of the sub-Arctic represent a key area for the study of global change because the
anthropogenic impact, particularly the rate of warming, is projected to be the greatest in any part of the world due to the complicated
feedback processes which occur. This Arctic region has undergone very large changes in recent years due to global warming, and
accelerated change is predicted. The rapid changes that are occurring in the Arctic, and that have been the topic of the ISAR-1 and
ISAR-2 conferences, manifest themselves at a number of scales. The large scales are Arctic-wide changes in key environmental
parameters, which are described in a series of papers in this issue. On a more subtle scale we see changes to species and to biological
processes in the Arctic. We hope that readers will enjoy the range of papers published in this issue, and will appreciate that
phenomena ranging in scale from global radiation balance to clutch size of birds’ eggs are actually all related via the central fact of
the present-day Arctic, its high rate of warming.
 2012 Elsevier B.V. and NIPR. All rights reserved.
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The second International Symposium on the Arctic
Research (ISAR-2) was held on the theme of “Arctic
System in a Changing Earth” at the Hitotsubashi
Memorial Hall, National Center of Sciences Building at
Tokyo in Japan on 7e9 December 2010. The sympo-
sium was organized under the auspices of the National
Committee of International Arctic Science Committee
(IASC), the Science Council of Japan and the ISAR-2
International Organizing Committee (IOC). The total
number of participants was 228 from fifteen countries.
With ten sub-themes at three special sessions and seven
general sessions, a total of 63 oral presentations and 117
poster presentations were given in ISAR-2.
The Arctic and surrounding regions of the sub-Arctic
are a key area for the study of global change because the
anthropogenic impact is projected to be the largest of
any part of the planet, due to the nature of the1873-9652/$ - see front matter  2012 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2012.03.005complicated feedback processes. This Arctic region has
undergone rapid changes in recent years during global
warming.
The ISAR-2 has followed the first symposium
(ISAR-1), which was held at the National Museum of
Emerging Science and Innovation (Kagaku Miraikan)
in Tokyo, Japan, on 4e6 November 2008. The total
number of participants was 190 from twelve countries.
The large number of delegates, and wide interna-
tional participation, confirmed that both national and
international cooperation are indispensable for Arctic
climate research and that more collaboration among
non-Arctic countries is needed.
2. Objective of the ISAR-2 symposium
In the mission statement of ISAR-1, we recognized
that “the Arctic has experienced drastic change in the
recent global warming”. The theme of the conferencereserved.
2 Editorial / Polar Science 6 (2012) 1e4was to develop answers to the urgent question of what
was the spatial and temporal distribution of the change
and what was the main driver of this change.
The International Polar Year (IPY, 2007e2008) gave
Japanese researchers the opportunity of contributing to
over eighty projects within the framework of IPY. The
importance of long-term observation and monitoring
systems in the Arctic was recognized and recommended
as an aspect of international cooperation. According to
a report by the IPCC (Intergovernmental Panel on
Climate Change), the global warming is now conclu-
sively shown to be caused by anthropogenic greenhouse
gases. However, we need to evaluate the research, make
valid predictions of future global warming and climate
and overcome the skeptics. Our discussions need to be
supported with observational data.
Therefore, we planned a second Symposium
including similar topics to the first, and held the
resulting ISAR-2 at the end of 2010 at Tokyo.
3. Themes
ISAR-2 had as its purpose the discussion of multi-
disciplinary topics under the theme, “Arctic System in
a Changing Earth”. The following six topics were
selected: (1) Changes of the Arctic climate and sub-
systems, (2) Extensive process studies on the
atmosphere-ocean-land system in the Arctic, (3) Feed-
back embedded in the sub-systems in the Arctic, (4)
Impact and feedback between the Arctic and global
climate, (5) Global and regional modeling with a focus
on the Arctic, and (6) Influence of the Arctic on the
Asian climate. The multidisciplinary topics were dis-
cussed with respect to atmospheric science, ocean and
sea ice, hydrology, permafrost and snow cover, ice
sheets, glaciers and ice cores, terrestrial ecosystems,
marine ecosystems, and integrated modeling studies.
In ISAR-2, we set three special sessions and seven
general sessions covering the above topics.
3.1. Special session
Three special sessions incorporated in this sympo-
sium were as follows:
Sub-theme 1. Changing Arctic System and Global
Influence (Lead Convener: Yoshihiro Tachibana and
Tetsuo Ohata).
The Arctic environmental system, which is
composed of ocean, atmosphere, cryosphere and
terrestrial systems including biosphere/carbon, is
changing fast due to the effect of global warming. This
session focuses on the changes and interactions betweenthese components, and discusses the resultant influence
on the global and surrounding regional environment
through the atmosphere and ocean.
Sub-theme 2. Warming in the Arctic: Anthropogenic
or Natural Variability? (Lead Convener: Hiroshi
Tanaka and John Walsh).
Observational evidence indicates that the Arctic has
the highest sensitivity to global change of any region of
the planet. Part of the Arctic warming must be caused
by the increasing anthropogenic greenhouse gases, but
still a considerable amount of the Arctic warming may
have been caused by natural variability, including the
fluctuations by internal nonlinear dynamics of the Earth
system. This special session is aimed at discussing our
latest understanding on the cause of the Arctic warm-
ing. We received presentations from a wide range of
interdisciplinary studies in the Arctic.
Sub-theme 3. International Cooperation on Arctic
Research and IPY (Lead Convener: Hiroshi Kanda and
Yeadong Kim).
The focus of ISAR-2 should not just involve scien-
tific conclusions, but also the planning, execution,
cooperation, and data management of programmes. We
have a passionate concern for international networks
such as SAON (Sustaining Arctic Observing Networks,
begun by the Arctic Council) which include non-Arctic
countries. When we discuss the influence of the Arctic
on the Asian climate, the scientists in neighboring
countries to the Arctic will be particularly encouraged
to participate in this international network. The IPY
2007e2008, which coordinated campaigns in polar
science, is calling for its continuation. The ISAR-2
discussed the latest update and legacy from the IPY
projects.
3.2. General session
In addition to the special sessions mentioned above,
seven general sessions were as follows.
Sub-theme 4. Atmospheric Science (Lead Conveners:
Isao Murata and Masataka Shiobara).
Sub-theme 5. Ocean and Sea Ice (Lead Conveners:
Wieslaw Maslowski and Koji Shimada).
Sub-theme 6. Hydrology, Permafrost and Snow
Cover (Lead Conveners: Konosuke Sugiura and Larry
Hinzman).
Sub-theme 7. Ice Sheets, Glaciers and Ice Cores
(Lead Convener: Kumiko Goto-Azuma).
Sub-theme 8.Terrestrial Ecosystem (LeadConveners:
Atsuko Sugimoto and Yojiro Matsuura).
Sub-theme 9. Marine Ecosystem (Lead Convener:
Sei-Ichi Saitoh)
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Convener: Hiroshi Tanaka).
4. The ISAR-2 publications
This special issue was edited by five guest editors in
accordance with the editorial system of “Polar
Science”, and contains twelve research papers.
The rapid changes that are occurring in the Arctic,
and that have been the topic of the ISAR-1 and ISAR-2
conferences, manifest themselves at a number of scales.
The large scales are Arctic-wide changes in key envi-
ronmental parameters, which are described in a series of
survey papers. On a more subtle scale we see changes to
species and to biological processes in the Arctic.
The largest scale of all is the global scale of warm-
ing, and this was analyzed for the Arctic by Nagato and
Tanaka (2012) with the varying impact of the Arctic
Oscillation (AO) separated off so that the magnitude of
the steady warming, which is much faster than at lower
latitudes, is made clear. It was found that the AO and
surface air temperature (SAT) variabilities show
a negative trend during 1949e69 and a positive trend
during 1969e89. After 1990 these trends separated, the
SAT showing a positive trend associated with ice-
albedo feedback while the AO Index showed a nega-
tive trend. This informs all subsequent work, since it is
the rapid Arctic warming which is causing the varied
impacts on physical and biological systems.
It affects the structure and behavior of the Arctic
cyclone in summer, as demonstrated in Tanaka et al.
(2012). The warming is also the cause of a significant
thinning and shrinkage of the winter snow cover in the
Arctic, which itself is a contributor to an albedo feed-
back effect accelerating the warming. Park et al. (2012)
demonstrate this shrinkage by analyzing satellite and
model data from 1948 to 2006.
Ohmura (2012) makes a contribution on Arctic
energy balance which reveals some exceptionally
important facts on a global scale. A new value is derived
for the total solar irradiance, or solar constant, of 1361
instead of 1365 W m2, which also yields a solar irra-
diance at the Earth’s surface of only 170 Wm2 instead
of 198 as used by IPCC in its 4th assessment. This is due
to absorption of solar radiation in the atmosphere being
greater than previously thought. The global mean
atmospheric downward terrestrial radiation is much
larger, at 345 W m2, than previously assumed by
IPCC. These values allow the central Arctic Ocean to be
a region of negative annual net radiation, a rare
phenomenon on the globe. The Greenland ice sheet is
also negative. In a further analysis of the energy balancehe shows that long wave incoming radiation has been
increasing in the Arctic at a rate of 4e5 W m2 per
decade. The Greenland ice sheet itself exhibits large
differences between the net radiation in the ablation
area (80 W m2) and higher-altitude dry snow zone
(10 W m2). These important findings are discussed in
relation to their effect on climate models.
On the subject of sea ice, Kawaguchi et al. (2012)
looked at the summer of 2010, one of the sequences
of years from 2007 which have featured very low
summer ice extents compared with the era before 2005.
They found that the oceanic heat fluxes in the Eurasian
Basin are sufficient to cause 1.5 m of summer melt in
first-year ice and 0.8 m in multi-year. These are very
large figures which contribute toward the thinning of the
ice and hence an expansion of the open water area in
summer.
In a study of pressure ridge slopes from multibeam
sonar data recorded by a submarine, Wadhams and
Toberg (2012) showed that multi-year ice, which is
becoming more rare in the Arctic, has more ridging than
first-year ice and that the ridges tend to be less steep
than first-year ridges and also of a different form, being
broken into successive blocks by cracks which have cut
across the line of the ridge.
Snow is a most important parameter because of the
strong albedo feedback for snow extent. Saito et al.
(2012) compared in situ observations and a model of
snow dynamics to find a relationship between the
density and thermal conductivity of the snowpack,
which can be used in large-scale modeling.
Three papers related to the Arctic terrestrial
ecosystems are published here. Osono et al. (2012)
investigated the chemical change of mosses as a domi-
nant component regarding the abundance and diversity
of fungi in high-Arctic terrestrial ecosystems. Moss
species significantly affected the species distribution of
fungi. The contents of acid-unhydrolyzable residues
and nutrients increased and the content of total carbo-
hydrates decreased down the profile which was attrib-
utable to the ability of fungi to decompose
carbohydrates selectively and to immobilize nutrients in
decomposed moss residues.
The root systems of forest in the Arctic are one of the
important subjects in climate change, but data are
particularly limited for permafrost regions. Noguchi
et al. (2012) estimated the above- and belowground
biomass of a black spruce (Picea mariana) stand
underlain with permafrost in interior Alaska. The
above- and belowground biomasses of vascular plants
in the P. mariana stand were estimated to be 4.07 and
3.58 kg m2, respectively. These data showed that it is
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limited soil resource availability.
Fleischer et al. (2012) presented the creation of
a working repository for terrestrial biological data and
one of the possible general succession models of how to
achieve an institutional repository based on the working
group repositories set up in advance. They demon-
strated that an institutional repository for scientific data
is not an unreachable aim.
Two papers related to the Arctic marine ecosystems
are published here. Matsuno et al. (2012) studied the
horizontal distribution of epipelagic zooplankton
communities in the western Arctic Ocean. Zooplankton
abundance and biomass were highest in the Chukchi
Sea, and ranged from 3,000 to 274,000 individuals m2
and 5e678 g WM m2, respectively. Their communi-
ties were classified into three groups by cluster analysis.
The horizontal distribution of each group was well
synchronized with depth zones, defined here as Shelf,
Slope and Basin. Both abundance and stage composi-
tion of large copepods corresponded well with the Chl.
a concentration in each region.
Regarding global warming, the relationship between
sea birds and sea ice was studied by Mehlum (2012). In
the Kongsfjorden area (79 N) at Svalbard, the number
of breeding pairs and the average egg clutch size vary
considerably among years based on the data presented
from 15 years in the period 1981e2000. The results
showed that early break-up of sea ice in Kongsfjorden
resulted in larger number of nests and larger average
clutch sizes than late break-up. The results indicate that
the effects of global warming on changes in the sea ice
melting regime in coastal regions are important for the
reproductive output of island-nesting eiders.
We hope that readers will enjoy the range of papers
published in this issue, and will appreciate that
phenomena ranging in scale from global radiation
balance to clutch size of birds’ eggs are actually all
related via the central fact of the present-day Arctic, its
high rate of warming.
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